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7KHXVHRIZDVWHPDWHULDOVVXFKDVEODVWIXUQDFHVODJ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DQGIO\DVK)$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WKDW66$FDQEHXVHGDVDFHPHQWFRPSRQHQW LQ WKHDPRXQWRIXS WRRI WKHFHPHQWDGGHG WRFRQFUHWH7KH
LPSRUWDQWFRQGLWLRQIRUWKHUHSODFHPHQWRIDSRUWLRQRI3RUWODQGFOLQNHULQWKHFHPHQWLVSR]]RODQLFDFWLYLW\GHSHQGHQW
RQWKHFKHPLFDODQGPLQHUDOFRPSRVLWLRQ)URPWKHSUDFWLFDOVWDQGSRLQWWKHHIIHFWRIWKHFKHPLFDOFRPSRVLWLRQLV
VHHQILUVWRIDOOLQWKHGHOD\HGLQFUHDVHLQVWUHQJWK>@7KHORQJWHUPVWUHQJWKGHYHORSPHQWZKLFKPD\GHFLGHDERXW
WKHVXLWDELOLW\RI66$IRUFHPHQWFRPSRVLWHVKDVQRWEHHQIXOO\XQGHUVWRRGVRIDU>@

2EMHFWLYH

2.1 Research objective 

7KHSULPDU\REMHFWLYHRI WKLV VWXG\ZDV WR LGHQWLI\ FKHPLFDO DQGPLQHUDO FRPSRVLWLRQRI66$DQG)$DQG WR
HYDOXDWHWKHLULPSDFWRQWKHSURSHUWLHVRIIUHVKSDVWHVDQGKDUGHQHGPRUWDUVUHODWLYHWRWKH3RUWODQGFHPHQW

2.2 Materials 

7KHVWXG\XVHGWKHDVKGHULYHGIURPWKHLQFLQHUDWLRQRIWKHVHZDJHVOXGJHIURPWKHPXQLFLSDOVHZDJHWUHDWPHQW
SODQW 7KH VOXGJH LV GHZDWHUHG GULHG DQG EXUQW LQ D IOXLGL]HG EHG IXUQDFH 6LOLFHRXV IO\ DVK GHULYHG IURP WKH
FRPEXVWLRQRIFRDOZDVDOVRXVHGLQWKHVWXG\$OOWHVWVRQSDVWHVDQGPRUWDUVZHUHFRQGXFWHGLQWKUHHVHULHV6HZDJH
VOXGJHDVKDQG3RUWODQGFHPHQWZHUHXVHGLQVHULHVVLOLFHRXVIO\DVKDQG3RUWODQGFHPHQWZHUHXVHGLQVHULHV
ZKHUHDVVHULHVWKHFRQWUROVHULHVRIWHVWVZDVSHUIRUPHGXVLQJ&(0,3RUWODQGFHPHQW
7KHLQLWLDODQGILQDOVHWWLQJWLPHRIWKHFHPHQWDVKELQGHULQZKLFK66$DQG)$UHSODFHGDQGRIWKH
FHPHQWUHVSHFWLYHO\ZHUHPHDVXUHGZLWKD9LFDWDSSDUDWXV)RUFRPSDULVRQFHPHQWZLWKRXWWKHDVKDGGLWLRQZDV
DOVRLQYHVWLJDWHG)RUWKLVSXUSRVHWKHSDVWHZLWKWKHZVUDWLRRIZDVPDGH7KHPRUWDUVZHUHSUHSDUHGZLWKWKH
3RUWODQGFHPHQW&(0,5DQGQDWXUDOTXDUW]VDQGZLWKWKHUDWLRRIFHPHQWVDQGDQGZDWHU7KHVWUHQJWK
WHVWVZHUHSHUIRUPHGXVLQJWKHPRUWDUVLQZKLFK66$UHSODFHPHQWZDVDQGE\PDVVRIWKHFHPHQW7KH
FRQWUROPRUWDUKDGWKHVDPHSURSRUWLRQVDQGFRQWDLQHGRQO\WKH3RUWODQGFHPHQW7KHVSHFLPHQVZHUHVWRUHGLQZDWHU
IRU  GD\V 7KH SR]]RODQLF DFWLYLW\ ZDV H[SUHVVHG LQ SHUFHQWDJH DV D UDWLR RI WKH FRPSUHVVLYH VWUHQJWK RI WKH
VSHFLPHQV7KHPRUWDUVPDGHZLWKFHPHQWDQG66$DQGZLWKFHPHQWDQG66$ZHUHFRPSDUHG
WRWKHVSHFLPHQVZLWKRXW66$DQGWKHQDOOVSHFLPHQ¶VW\SHVZHUHVXEMHFWHGWRPLFURVWUXFWXUHWHVWVZLWKWKHXVHRI;
UD\GLIIUDFWLRQDQGVFDQQLQJHOHFWURQPLFURVFRS\

2.3. Method 

7KH WHVWV IROORZHG WKH PHWKRGV VSHFLILHG LQ WKH ELQGLQJ VWDQGDUGV DQG XVHG WKH VWDWHRIWKHDUW ODERUDWRU\
HTXLSPHQW
WKHFKHPLFDOFRPSRVLWLRQZDVGHWHUPLQHGE\:';5)VSHFWURVFRS\
WKHJUDGLQJZDVLGHQWLILHGZLWKWKHXVHRIPRGXODUODVHUGLIIUDFWLRQVHQVRUV+HORVDQG5RGRV
FU\VWDOOLQHSKDVHVZHUHLGHQWLILHGXVLQJWKH;5'DQDO\VLV
WKHDVKJUDLQPLFURVWUXFWXUHZDVDQDO\VHGZLWKWKHXVHRIHQYLURQPHQWDO6(0('6
WKHVSHFLILFDUHDZDVGHWHUPLQHGXVLQJODVHUGLIIUDFWLRQVHQVRUV+HORVDQG5RGRV
D9LFDW&RQVLVWHQF\$SSDUDWXVZDVXVHGWRGHWHUPLQHWKHLQLWLDODQGILQDOWLPHVRIVHWWLQJWR(1$
WKHVWDQGDUGDQGORQJWHUPFRPSUHVVLYHVWUHQJWKRIPRUWDUVZDVPHDVXUHGRQ[[FPVSHFLPHQVWR(1


5HVHDUFKUHVXOWV

3.1 Table 1 compiles the chemical composition results.   
 
,QDGGLWLRQWREDVLFFRPSRQHQWVXFKDV&D26L2DQG$O2H[FHVVLYHO\KLJKFRQWHQWVRISKRVSKRUXVFRPSRXQGV
DQGORZFRQWHQWVRIPHWDOVLQVXIILFLHQWWRSRVHDWKUHDWWRWKHVDIHW\RIPRUWDUVDQGFRQFUHWHDUHREVHUYHG 

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7DED&KHPLFDOFRPSRVLWLRQRI66$
6L2 $O2 )H2 &D2 0J2 62 &O 32 1D .
>@ >@ >@ >@ >@ >@ >@ >@ >@ >@
         
7DEE&KHPLFDOFRPSRVLWLRQRI66$
&U 0Q &X 1L =Q %D 3E 6Q
>@ >@ >@ >@ >@ >@ >@ >@
       
7DE&KHPLFDOFRPSRVLWLRQRIVLOLFHRXVIO\DVK
6L2 $O2 )H2 &D2 0J2 62 &O 1D2HT
>@ >@ >@ >@ >@ >@ >@ >@
       
7DE&KHPLFDOFRPSRVLWLRQDQGSKDVHFRPSRVLWLRQRI3RUWODQGFHPHQW&(0,
6NáDG
FKHPLF]Q\ 6L2 $O2 )H2 &D2 &D2ZROQH 0J2 62 &O 1D2HT
         
6NáDGID]RZ\
&6 &6 &$ &$)
   

3.1 As evident from Fig. 1a, the SSA ash contains such crystalline phases as quartz, hematite, anhydrite and those 
with phosphorus.  

)LJXUH E VKRZV WKH PDLQ FU\VWDOOLQH SKDVHV LGHQWLILHG LQ WKH VLOLFHRXV IO\ DVK TXDUW] KHPDWLWH PXOOLWH DQG
DQK\GULWH7KHUHPDLQLQJSKDVHVLQFOXGHDPRUSKRXVSKDVHVDQGFU\VWDOOLQHSKDVHVXQGHWHFWHGE\;5'


)LJD3KDVHFRPSRVLWLRQRI66$)LJE3KDVHFRPSRVLWLRQRI)$)LJ
4XDUW]KHPDWLWHDQGDQK\GULWHDUHWKHSKDVHVSUHVHQWLQERWKDVKW\SHV0XOOLWHGRHVQRWRFFXULQ66$EXWWKH
SKRVSKRUXVFRPSRXQGVXQGHWHFWHGLQ)$ZHUHREVHUYHG

3.2 Microstructure of SSA 
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
7KHSUHGRPLQDQWJUDLQVLQWKHVHZDJHVOXGJHDVKDUHWKRVHZLWKLUUHJXODUVXUIDFHZLWKPXFKVPDOOHUTXDQWLWLHVRI
UHJXODUVSKHULFDOSDUWLFOHV7KHJUDLQVLQWKHVLOLFHRXVDVKKDYHUHJXODUVSKHULFDOVKDSHVDQGVPRRWKVXUIDFH

 
)LJ6(0LPDJHRI66$JUDLQVZLWK('6DQDO\VLVDWSRLQW$
 
)LJ6(0LPDJHRIVLOLFHRXVDVKZLWK('6DQDO\VLVDWSRLQW%
3.3 Grading of SSA  
 
7KHJUDLQVL]HFRPSRVLWLRQDQDO\VLVUHVXOWVDUHVKRZQLQ)LJ


)LJ*UDLQVL]HFRPSRVLWLRQRI66$DQG)$
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7KHFXPXODWLYHFXUYHSORWLQGLFDWHVWKDWWKHJUDLQVZLWKVL]HVIURPWRPFRPSULVHDQGIURPWR
PFRPSULVHZLWKQRJUDLQVREVHUYHGODUJHUWKDQPLQGLDPHWHU7KHVSHFLILFDUHDRI66$LVFPðJ


)LJ*UDLQVL]HFRPSRVLWLRQRI66$DQG)$
)LJXUHVKRZVWKHFXUYHUHSUHVHQWLQJWKHVL]HRIVLOLFHRXVDVKSDUWLFOHV,WLQGLFDWHVWKDWWKHSDUWLFOHZLWKGLDPHWHUV
EHWZHHQWRPFRPSULVHIURPWRPFRPSULVHDERXWDQGWKHSDUWLFOHVODUJHUWKDQP
DUHQRWVHHQ

3.4 Vicat setting time measurement 
 
7KHPHDVXUHPHQWVZHUHPDGHZLWKWKHXVHRID9LFDWDSSDUDWXV7KHDQGDGGLWLRQRI66$WRWKHELQGHU
UHVXOWHGLQWKHORQJHUVHWWLQJWLPHFRPSDUHGZLWKWKHELQGHUFRQWDLQLQJ3RUWODQGFHPHQW&(0,7KHGHOD\LQVHWWLQJ
RQVHWDQGHQGZHUHREVHUYHG WR LQFUHDVHZLWK WKHDPRXQWRI WKHDVKXVHG7KHDQGE\PDVVRIFHPHQW
DGGLWLRQRI)$GHOD\HGWKHVHWWLQJWLPHUHODWLYHWRWKDWRI&(0,ZLWKRXWWKHDGGLWLRQ


)LJ7KHLPSDFWRI66$DQG)$FRQWHQWVRQWKHLQLWLDODQGILQDOWLPHRISDVWHVHWWLQJ

 











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6H
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
)LJ7KHLPSDFWRI66$DQG)$FRQWHQWVRQWKHLQLWLDODQGILQDOWLPHRISDVWHVHWWLQJ

3.5 Compressive strength of mortars 
 
7KHPRUWDUVZLWKWKH66$DGGLWLRQGHPRQVWUDWHGDVORZHUVWUHQJWKLQFUHDVHZKLFKLVDWWULEXWHGWRWKHORZHUFHPHQW
FRQWHQW LQ WKHELQGHU DQG WKH VORZHUSR]]RODQLF UHDFWLRQDW WKH LQLWLDO VWDJHRIK\GUDWLRQ $WERWKDQG
DGGLWLRQRIDVKDFRQVLGHUDEOHVWUHQJWKJDLQZDVREVHUYHGDWWRGD\V

)LJDDQGEDYHUDJHFRPSUHVVLYHVWUHQJWKRIPRUWDUVDIWHUDQGGD\VRIFXULQJ
'LVFXVVLRQ

7KHFKHPLFDOFRPSRVLWLRQRIWKHDVKXQGHULQYHVWLJDWLRQYDULHVLQWHUPVRIWKHFRQWHQWVRILQGLYLGXDOHOHPHQWV7KH
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FRQWDLQVKHDY\PHWDOVLQYHU\ORZFRQFHQWUDWLRQV3KDVHFRPSRVLWLRQRIERWKDVKW\SHV)LJDDQGEUHYHDOVWKH
SUHVHQFHRITXDUW]KHPDWLWHDQGDQK\GULWH7KHVHWWLQJWLPHIRUWKHELQGHUZLWK66$E\PDVVRIFHPHQWZDVWZR
WLPHVORQJHUWKDQWKDWRIFHPHQW7KHORQJHUVHWWLQJWLPHRIWKHELQGHUZLWKDQG66$LVSUREDEO\WKHUHVXOW
RIDFRQVLGHUDEOHFRQWHQWRISKRVSKRUXVLQ66$3KRVSKDWHVHQWHULQJWKHVROXWLRQLQWKHSDVWHMRLQZLWKWKHFDOFLXP
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